High molecular weight polyglycerol-based multivalent mannose conjugates.
We report the synthesis and characterization of multivalent mannose conjugates based on high molecular weight hyperbranched polyglycerols (HPG). A range of glycoconjugates were synthesized from high molecular weight HPGs (up to 493 kDa) and varying mannose units (22-303 per HPG). Hemagglutination assays using fresh human red blood cells and concanavalin A (Con A) showed that HPG-mannose conjugates exhibited a large enhancement in the relative potency of conjugates (as high as 40000) along with a significant increment in relative activity per sugar (up to 255). The size of the HPG scaffold and the number of mannose residues per HPG were all shown to influence the enhancement of binding interactions with Con A. Isothermal titration calorimetry (ITC) experiments confirmed the enhanced binding affinity and showed that both molecular size and ligand density play important roles. The enhancement in Con A binding to the high molecular weight HPG-mannose conjugates is due to a combination of inter- and intramolecular mannose binding. A few fold increments in the binding constant were obtained over mannose upon covalent attachment to HPG. The binding enhancement is due to the highly favorable entropic contribution to the multiple interactions of Con A to mannose residues on HPG. The high molecular weight HPG-mannose conjugates showed positive cooperativity in binding to Con A. Although carbohydrate density has less of an effect on functional valency of the conjugate compared to the molecular size, it determines the binding affinity.